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Final  Report  to  the  United  States  Wavy  Office  of  Naval  Research  on 
Contract  No.  N00014-77-G-006 


This  report  covers  work  completed  at  Southampton  only  during  the 
period  January  to  October  1983^  Although  it  would  have  been  valuable 
to  collect  the  output  under  our  ONR  contract  for  the  whole  of  its 
duration,  it  will  be  clear  from  this  document  that  the  product  of  this 
research  programme  has  been  so  extensive  that  it  is  essential  to 
restrict  the  scope  of  this  report.  It  should,  therefore,  be  read  with 
our  earlier  periodic  reports. 

The  format  adopted  is  one  we  have  used  before  as  follows; 

The  work  covered  is  Included  under  three  distinct,  and  to  some 
tent  unrelated  research  effort  areas,  vis: 


and 


An  exploration  of  the  use  of  in  situ  techniques  in  completing 
molecular  analyses  of  working  electrode-electrolyte  systems. 

This  field  embrace^ 

Al.  ^  X-ray  measurement^;  ,(Prof .  M.  Fleischmann  and  Dr.  J.  Robinson) 
A2.  ^^^Raman  studie^x(Prof .  if.  Fleischmann  and  Dr.  P.  Hendra) 


Infrared  method^' X III* •  A.  Bewick). 


^  b)  a  long  term  investigation  of  the  properties  of  microelectrode 
systems'i  (Prof .  M.  Fleischmann),  and 

^  C)  A  study  of  the  role  of  molecular  entanglement  in  dictating  the 
properties  of  polymer  sollda^Dr.  P.  Hendra). 
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j 


r 

V  - 


2  - 


each  area  considerable  progress  has  been  made  and  we  therefore 
offer  as  a  report  a  set  of  abstracts  of  papers  either  already 
published  or  to  appear  In  the  very  near  future.  Many  readers  will 
find  some  of  these  papers  of  potential  value,  where  this  is  the 
case  would  they  please  write  to  one  of  the  principal  Investigators 
expressing  their  interest  in  particular  papers  and  photocopies  or 
reprints  as  appropriate  will  be  mailed  to  them  promptly. 
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ranun  spectroscopic  and  x-ray  diffraction  studies  of 
electrode-solution  interfaces 


M-  FLEISCHMANn’  P.  CRAVES.  I.  HILl,  A.  OLIVER  »nd  J.  ROBINSON 
Chtmuuy  Dtparimtnt.  Vnivtniiy  of  Southampton,  Southampton  S09  SSH  (SnglanJt 
'  (Received  29th  July  1982)  ' 


abstract 

Surfice-eahanced  Ranua  scaKiriag  (SERS)  of  adiorbed  w»ter  ipeciei  bu  been  obtained  »t  roughened 
sUver  eiccuode*;  these  species  are  always  coadsotbed  with  anions.  The  spectra  obtained  with  adsorbed 
cyanide  and  iodide  ions  are  used  to  Olustrate  thU  behaviour.  For  the  latter  tysteni  it  is  shows  that  the 
water  inolf"-l“t  seen  by  SERS  are  in  the  solvation  sbeUs  of  the  alkali  metal  counteriona.  The  spectra  due 
to  coadsorbed  water,  chloride  and  pyridine  jnd-reinterpreted  and  it  U  shown  that  the  potential 
dependence  of  the  spectra  correlate  with  changes  in  the  dUferential  capacitance:  preliminary  dau  lor 
SERS  on  palladium  electfodee  are  also  given. 

It  IS  shown  that  whereas  Raman  spectra  give  information  about  the  short-range  order  and  environ¬ 
ment  of  spedes  adsorbed  at  c:ectrodei.iclution  interface^  in  situ  X-ray  diffraction  measuremenu 
(INSEX)  give  information  about  the  longer-ringe  order.  Measuremenu  are  illustrated  by  the  CPD  of  lead 
on  stiver  and  it  is  shown  that  |here  again  the  change  tn  structure  of  the  solvent  in  ±e  interface  may  be 
observed. 
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E.'vtfMtfr  Secuv  i-  S  >  Lauhjnne  -  Hr:nicJ  in  Tht 


A  R.AMAN  SPECTROSCOPIC  STUD^  OF  THIOUREA  ADSORBED  ON 
SILVER  AND  COPPER  ELECTRODES 


M  FLEISCiiNUNN.  I  R  HILL  And  C.  SI  S DHOLNI  • 

Oeptirmer.:  of  Thr  tnitt’rt;/..  S’."-  lij'tj:  6' 


ABSTR.ACT 


The  jdv:f7*.ion  of  iKicurei  co  s.Uer  and  copper  s!ec;rc>Jtr>  su.d:e>  usinj  hurJawc  cn:-.d.'v?d 

kAman  scjiiennc  The  results  shovt  ihui  thiourea  ib  jds«  rr)cO  vu  <>uipnur.  a*,  ivva  pH  ^.tlucs  ^tdvorhed 
I  !i:»oufeA  fcn5.iins  unpruionjicJ  hui  the  Ffcctrul  2r*:rn>it\  is  upprcviuPlN  hia^-.cr  jnd  jJjiin.'.'iAi  runJa 
*  anstni  from  poison  .ani^^ns  ire  cvh*ervej.  •' 
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A  RAMAN  SPECTROSCOPIC  INVESTIGATION  OF  THE 
ELECTROPOLYMERIZATION  OF  PHENOL  ON  SILVER 

ELECTRODES 

M.  Fleischmann',  I.  R.  Hill'.  G.  Mengoli^  and  M.  M.  Mlsiani^ 

'Department  of  Chemistry.  The  University.  Southampton  S09  5NH.  U  K. 

‘Istituto  di  Polarogratia  ed  Elettrochimica  Preparativa  del  CNR.  Corso  Stati  Uniti.  35100  Padova.  Italy 

{Receiied  22  February  1983) 

Abstract— The  characterization  of  the  electropolymerizaiion  of  phenols  on  silver  iboih  in  the  presence  and 
absence  of  aminesi  shows  that  the  process  is  closely  similar  to  that  observed  on  iron.  Raman  spectroscopy 
shows  that  amines  displace  phenoside  ions  which  are  adsorbed  flat  on  the  substrate.  This  displacement  of 
phenoside  by  amine  explains  the  formation  of  thick  protective  films. 


Volume  97.  number  4.3  CHEMICAL  PHYSICS  LETTERS  27  .May  1983 
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SURFACE-ENHANCED  RAMAN  SCATTERING  FROM  SILVER  ELECTRODES: 

POTENTIAL  AND  CATION  DEPENDENCES  OF  THE  VERY-LOW-FREQUENCY  MODE 

•  2 

^  M.  FLEISCHMANN.  I.R.  HILL  and  J.  ROBINSON 

Department  of  Chemistry,  The  University,  Southampton  SOP  5NH.  UK 
Received  13  February  1983;  in  final  form  23  .March  1983 


The  vety-low-ftequency  mode  observed  in  SERS  experiments  near  8  cm"'  is  shown  to  shift  both  with  the  nature  of 
the  cation  and  with  potentiaL  The  assignment  of  this  mode  to  acoustic  vibrations  in  the  metal  is  discussed  with  respect  to 
■he  chemical  specificity  of  the  shifts. 
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THE  SYNERGETIC  EFFECT  OF  BENZYLAMINE  ON  THE 
CORROSION- INHIBITION  OF  COPPER  BY 
BENZOTRIAZOLE 


M.  Fleischmann,  I.  R.  Hill 

Departmenl  of  Chemistry,  The  University,  Southampton  S09  5NH,  U.K. 

G.  Mengoli  and  M.  M.  Musiani 

Istiiulo  di  Polarografia  ed  Elettrochimica  Preparativa  del  CNR,  Corso  Slati  Uniti,  35100  Padova,  Italy 

{Receiied  16  December  1982) 

Absirael— Passivating  films,  formed  by  the  anodization  of  copper  in  alkaline  benzotriazole  (BTA)  solutions, 
have  been  investigated.  Addition  of  benzylamine  to  the  anodizing  solution  was  found  to  lead  to  much  faster 
passivation  and  greater  corrosion  resistance  in  aqueous  chloride.  These  passivating  films  appear  to  consist 
mainly  of  a  [CuilDBTA,].  polymeric  network. 


A  RA.NUN  SPECreOSCOPIC  STUDY  OF  QUINOLKVE  AND 
ISOQUINOLI.NE  ADSORBED  ON  COPPER  AND  SILVER  ELECTRODES 

M.  FLEISCH.NLANN  I.R.  HILL  and  G.  SUNDHOLM  * 

Department  of  Cbrmtrtry,  Univertity  of  Souibampton,  Southampton  S09  5SH  (Great  Brttam) 
(Received  19ih  January  1983;  in  revised  form  6lh  April  1983) 


ABSTRACT 

The  adsorption  of  quinoline  and  isoquinoUne,  examples  of  one  clast  of  organic  additives  with  possible 
applications  in  copper  reftiung,  on  silver  and  copper  electrodes  us  0.2  M  K.SOi  and  2  M  H]S04  has  been 
studied  usmg  in  situ  Raman  spectroscopy  and  elrctrocbeoiicai  measuremenis. 

The  results  show  tlsai  the  adsorpuois  of  the  qunolisee  in  K^SOt  solution  depends  on  the  potenuaj 
with  respect  to  the  pxc.  of  the  metal.  The  cffec^noicd  are  more  pronounced  in  the  case  of  isoquinoUne. 

In  2  M  HjSO,  the  results  show  that  the  quinoUne  ions  form  ion  pairs  at  the  electrode  surface.  The 
changes  ui  the  SERB  specua  on  addiuon  of  O'  to  the  solution  clearly  indicsic  a  displacement  of  SO,’' 
by  O  '  to  leave  a  quinoUniiua-chloiide  surface  complex.  It  ia  concluded  that  additives  of  the  type  studied 
are  bkely  lo  be  adsorbed  as  ion  pairs  in  acidic  plating  baths. 
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SURFACE  ENHANCED  RAMAN  SCATTERING  FROM  SILVER 
ELECTRODES:  FORMATION  AND  PHOTOL\  SIS  OF  CHEMISORBED 
PYRIDINE  SPECIES 


M.  FLEISCH.MANN  and  I.R.  HILL 

Deparmtnt  of  Chtmistry,  Th*  Unictrsity,  Soutkampt^m  509  SSH  (Great  Britain) 
(Received  26th  July  1982;  in  revised  form  t2th  Oa:(xr  1982) 


ABSTRACT 


An  investigation  of  the  nature  of  the  adsorbed  spedes  at  a  silver  electrode  surface  in  aqueous  alkali 
halide  solutions  containing  pyridine  has  shown  that  both  strongly  bound  Lewis  acid  coordinated 
(chemisorbed)  pyridine  and  weakly  bound  (physiscrbed)  pyridine  are  adsorbed  at  the  interface;  the 
conditions  for  the  formation  and  destruction  of  chemisorbed  species  have  been  defined.  In  the 
presence  of  specifically  adsorbed  halide  the  physisorbed  pyridine  has  been  found  to  be  in  equilibrium  with 
an  adsorbed  form  of  water. 


J.  Eleetroanal.  Chem..  146  (1983)  367-376 

Elsevier  Sequoia  S.A.,  Lausanne  -  Printed  in  The  Netherlands 
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THE  OBSERVATION  OF  SOLVATED  METAL  IONS  IN  THE  DOUBLE 
LAYER  REGION  AT  SILVER  ELECTRODES  USING  SURFACE  ENHANCED 
RAMAN  SCATTERING 


A-Z 


M.  FLEISCHMANN  and  I.R.  HILL 

Department  of  Chemittry,  The  University,  Southampton  509  SSH  (Great  Briioin) 
(Received  2nd  August  1982) 


abstract 

The  SERS  spectra  of  water  observed  when  halide  tons  are  adsorbed  to  roughened  silver  electrodes  is 
shown  to  be  dependent  upon  the  nature  of  the  supporting  electrolyte  cation.  This  cation  dependence  as  i 
well  as  the  potential  dependence  for  any  given  cation  are  interpreted  as  being  due  to  the  progressive  j 
desolvaiion  of  cations  with  increasing  radius  and  with  increasingly  negative  potentials,  the  cations  being 
adsorbed  as  solvent  separated  ion  pairs.  I 
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?h«  of  Trltog  oa  th«  «l«etropolTn«rl««ttoa 

ot  «n  laT««tli«tlen  of  th«  «dh««ioB  of 

;o«titn«  mina  iurf»c«  enhanced  Raman  icattering(SERS) 
a.  Mcsfoli,  JIuslul  tnd  B.  Palll, 

latitttto  dl  PoUrogratld  ad  ElattroehlBlea  Praparativa 
iml  cm,  Corao  Statl  Csltl,  39100  Padova,  Italy. 

d.  Plolachaaiia  aad  I.R.  Kill,  Dapartaant  of  Cheniatry, 

Tha  I'Blvaralty,  Southaaptoa  SOB  SNR,  u.K. 

(£l *ttv  « tU; ... 

A.tatraet 

Tba  physical  propartlas  aad  adhasioa  ot  protactlva 
u:l.sa-aodltlad  polyoxyphanylaas  costlats,  alaetrotoraad 
la-alta  oato  natal  aubatrataa,  hava  baaa  found  to  ba  graatly 
*  — -Tfivaa  by  tha  addition  of  snail  quantltlas  of  tha  surfactant 
r7u.toa  to  tbs  alsctrolyta.  Tha  r81a  ot  Triton  la  Invastlgatad 
-.g  Infrared  aad  Raaan  spectroscopic  tachalquas.  Triton  Is 
* — 'H  to  bo  proaant  both  at  tha  natal  substrata  surface  aad 
.•aporsad  throughout  tba  polyaar,  bacoalng  chaalcally  bonded 
tha  polynor  after  curing  In  air. 


A"2 

(3^  E  Uc(/ba»a.LijCcj  CJ*m.  {Tn 

Alt  Iotf<«ttgatlon  ot  Cu^  Ac«tyltd»  flla*  on  Cu  El<ctrod«»t 
f.  Electrocb»aic<I  aad  R*J>n  Spectroicoplc  Aatlyl*  of 
tti»  Plla  Foraatlon 

by 

L. ll.  Abrantes*.  U.  Flalachaanitp  I.R.  Rill  ud  L.U.  Petar* 
D«parteeat  of  Cbealatryp  Tho  Unlvoralty,  Southaaptoa  SOd  5ra, 
Groat  Britain 

and 

M.  Mangoli  and  G.  Zottl. 

latituto  dl  Polarografla  ad  Elattrochlalca  Praparatlra  dal  CKR 
Corso  Stitl  Uoitl,  35100  Padova,  Italy. 

Abatract 

Tha  aynthaala  of  coppar  (1)  •JMM^acatyltda  flla» 
dlractly  onto  a  coppar  aubatrata  fros  aolutlon  la  daa- 
cribad.  Ptlas  of  cootrollad  tblcknasa  nay  ba  groan 
•lactrocheaically.  Raaan  apactra  of  adaorbad  phaoyl* 
acatylaoa  (aurfaca  enbaaead)  and  of  tba  tlla  (raaooanca 
anbaactd)  ara  also  raportad. 


f\-Z  to  CU,  /%,  LtOh  . 


bjr  .M.  Fleljchaana,  P.B.  Craves.  X.R.  Hill  and  J.  Robinson 
Deparcaeat  of  Chemistry,  Tuo  Calveraxty,  Southampcoa  609  SN 

Abstract 

It  Is  shown  that  differential  double  layer 
capacitance  data  can  be  obtained  simultaneously  with 
the  recording  of  the  Raman  spectra  of  adsorbates  at 
a  roughened  silver  slcroelectrode.  The  use  of  such 
data  to  provide  Information  about  the  structure  of 
the  silver  electrode/aqueous  KCl(O.lM)/  pyrldine(0. IM) 

I  interface  is  demonstrated. 


Th#  Usa  of  Platinum  M[lcro»I<ctro<les  for  £lfectrocbenlc>I 
laveatlgatlons  in  Low  Temperature  Solution-Solid  Eutectic 
Mtxturea  and  Glaaaaa  of  Soa-aqueous  Solvents. 

A.M.  Bead  ,  M.  Flalschaann  and  J.  Robinson. 

Department  of  Chealatry*  The  University, 

Southampton  S09  SNH,  England. 

« 

On  leave  from  Division  of  Chemical  and  Physical  Sciences, 
Deakln  University,  >faurn  Ponds, 

Victoria  3217,  Australia. 


ABSTRACT 


Platinum  mlcroelectrodes  of  radius  less  chan  li:a  enable 
steady  state  voltaounetrlc  neasuremeats  to  be  made  at  temperatures 
dovn  to  the  freezing  point  of  the  solvent  (eutectic  mixtures)  even 
In  the  absence  of  supporting  electrolyte.  At  lower  temperatures, 
where  the  "glass"  phase  is  formed,  voltasusetrlc  measurements  can 
still  be  made  In  the  absence  of  electrolyte.  The  possibility 
of  making  such  measurements  using  a  two  electrode  configuration 
results  from  the  very  low  Ohmic  IR  drop  associated  with  the  use 
of  platinum  mlcroelectrodes  of  such  small  radius.  Data  are 
presented  for  oxidation  of  ferrocene  In  acetonitrile  at  tempera¬ 
tures  from  2S^C  to  the  temperature  of  the  solution-solid  eutectic 
mixtures  and  In  an  acetonitrile  "glass"  at  -79^0.  Measurements 
on  the  same  oxidation  process  dowo  to  the  temperature  of  the 
acetone  and  dichlorooethaoe  eutectics  are  also  presented.  The 
coablnatloa  of  electrode  radius  .<  lUa  and  low  teaperature  glasses 
should  facilitate  studies  in  electron  transfer  unhindered  by 


chemical  reactions  following  the  charge  transfer 


It  la  shovn  that  th«  steady  state  voUa=setrlc  behaviour 
Of  uncharged  substrates  for  the  unusual  conditions  of  highly 
dilute  support  electrolyte  can  be  slnply  determined  by  using 
spherical  raleroelectrodes ,  Ohalc  losses  are  small  and  calculable 
so  that  slaple  t«o-electrodo  cells  can  be  used.  The  reverse 
process  of  the  discharge  of  an  Ion  of  the  dilute  electrolyte  i, 
not  synmetrlc  wUh  respect  to  the  voltar-.etry  of  i,-.charged  sub¬ 
strates  (due  to  migration  effects)  but  again  leads  to  si-pi- 
voltammcgrams.  The  use  of  eleotrodes  of  small  dlrenslons  there¬ 
fore  opens  the  way  for  the  study  of  a  wide  range  of  ns.  syste-. 
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RAMAN  SPECTROSCOPY  OF  PYRIDINE  ADSORBED 
ON  ROUGHENED  fi  PALLADRJM  HYDRIDE  ELECTRODES 

M.  FLEISCHMANN,  P.R.  GRAVES.  I.R.  HILL  and  J.  ROBINSON 

Department  of  Otemislry,  The  University,  Southampton  S09  SSH,  UK 
Received  8  December  1982 


SERS  spectra  of  pyridine  and  CO  adsorbed  on  roughened  PdH  electrodes  have  been  obtained.  The  potential 
dcnce  is  shown  to  be  similar  to  that  at  a  silver  electrode.  The  method  for  obtaining  the  roughened  electrodes  is  cr 
appears  to  require  chemical  control  of  the  redeposition  of  palladium  metal. 


© 
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to  J.  ♦  lectrsar.al  ■  Cfien. 

The  of  Micrcelectro^es  *.0  ci  Hor.oeenec us 

Processes  Coupled  to  Electrccle  P.eaetior.s.  Part  I  £C*  ar.d  CZ 
Reactions 

M.  Fleischnann.  F.  Lasserre.  J.  Robinson  ana  D.  S*an 
Desart-ent  of  Chenistry.  The  Tslversity, 

Scutha.nptcn  509  5SK.  Incland. 

J.  Hobinscn,  Depart-ent  of  Physics. 
har*ic«c  Vntversity.  Coventry  CV4  TAL 

Abstract 


A  new  techciq'ue  for  the  deterzlcatloo  of  the  kinetics 
of  fast  first  order,  or  pseudo  first  order,  henogeneous 
cheBical  reactions  coupled  to  betercKeneous  electron  transfer 
reactions  at  electrodes  Is  presented.  This  technique 
involves  the  recordist  of  steady  state  current  voltage  curves 
at  finite  disk  slcroelectrodes  and  an  analysis  of  the  Halting 
current  in  teras  of  s  spbericsl  diffusion  field.  To  deconstratc 
this  approach,  platinus  aicroelectrodes  of  radii  in  the  range 
0.3.8  to  25.8  have  been  used  in  a  staple  tvo  electrode  csnfigura* 
tion  to  study  a  ce  reaction,  hydrogen  evolution  froa  aqueous 
acetic  acid  solutions,  and  aa  ec'  reaction,  the  osidation  of 
ftrroeyanlde  to  the  presence  of  a&idopyrine.  In  both  cases 
tht  derived  rate  constants  agreed  closely  elth  those  obtained 
by  other  sore  conventional  aeans. 


Subattfd  to  J»  Aa.Chem,  Soc. 

Electrochemlatry  without  a  supporting  electrolyf  In  aon-* 

SQueoas  aolvsats  using  platinum  alcroslsctrodea . 
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ABSTRACT 

Restrictions  placed  on  applications  of  electrocbeolstry 

by  the  perceived  need  to  add  aa  electrolyte  aay  be  overcoce  In 

the  case  of  neutral  nolecules  by  the  use  of  alcroelectrodes. 

la  this  i/ork  the  oxidation  of  t'errocene  to  the  ferroclolua 

cation  at  platlaua  alcrcelectrodes  of  radius  to  0.3  \,a  Is 

reported  uaOer  steady  state  conditions  la  acetonitrile  without 

a  supporting  electrolyte.  A  two  electrode  rather  t.-'.aa  poceatlo* 

stated  three  electrode  measuring  system  sust  be  used  to  slciaice 

proble-rs  .iSioclateJ  «lth  r.cise.  with  an  electrode  radius  of 

.3 

33  uia  acd  10  .'4  ferrocene  concentratlocs ,  the  diffusion  controlled 

llaitiag  current  ts  essentially  the  sahe  (slight  c.iance  in  diffuiian 
coefficient)  :s  in  the  presence  of  electrolyte.  Ho-ever,  the  scape 
Is  distorted  by  ohalc  IR  drop.  With  radii  less  than  I  a.nd/or 
•at  lo-er  conceatraclcns  of  ferrucece,  iR  drop  effaces  ire  greatly 
ainlniiod  and  coaver. tio.:al  electrocueuical  data  are  cbtaised  in 
Che  absence  of  any  ccliberately  added  electrolyte.  la  principle 
ChU  oxidation  process  ir.o:ld  be  studl«d  under  cor.Jltiocs  of  the 
theoretically  Lucerestir.g  oae^ion  problcs,  but  secondary  .'Lcalcal 
reactlcnj  «i:h  traces  of  water,  other  trpuri ties .  or  the  solvent 
Itaeif,  are  believed  to  pro'lu.cc  conditions  «qui';alor\t  to  the  preseri:e 
of  an  extronely  illute  lupportlr.g  eleetDi/te.  The  pro;  ased 
.‘.ethodoiogy  based  on  *.he  use  of  nlcroeloctrodes  should  lead  to 
a^V^^Citicas  uf  elactrocheadstry  In  fielu  such  is  cwcitori.ag  of 
chemltU  r’fdctlani  lo  high  resistance  or^.uilc  solvents,  (Msurenent 
of  diffusion  CO'.' f f ic iencs  and  other  data  it  zero  Ionic  strength,  lal 
in  ablli.y  in  inal/Ctcsl  ipp*.  ic  it  i  r.s  to  .se  elj.  t  rut  i  si  detec- 
»e  c.;;  *  ,c..  ,»i  1;.  . :  u  ;  ir  it  I  .  -  1 
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ABSTRACT 

EMIRS  is  a  new  spectroscopic  technique  which  has  been  shown  to  be  very  useful  for  the  "m  situ  " 
identification  of  adsorbed  species  at  the  electrode-elecirolvie  interface. 

This  work  is  a  first  attempt  to  compare  the  qualitative  results  given  by  E.MIRS  to  the  quanliiative 
determination  of  the  adsorbed  laser,  as  obtained  by  conventional  electrtxhemistry 

Systematic  investigations  of  the  influence  of  the  electrochemical  parameters  on  the  spectral  character¬ 
istics  have  shown  that  the  so-called  CO  species,  which  are  detected  by  EMIRS  Junng  the  chemisorption 
of  formic  acid  on  a  Pt  electrode,  are  the  dominant  species  over  a  large  potential  range  during  which  the 
coverage  reaches  a  maximum  and  constant  value. 
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ABSTRACT 

In  order  to  make  the  IR  reflectance  -pecirosciipc  quantitative,  the  variation  of  the  electrixhcmivallv 
miHlulaleJ  infrared  reflectance  spectrum  characteristics  with  the  electrcxle  potential  is  explored,  compara¬ 
tively  to  the  variation  of  the  degree  of  coverage  of  a  Pt  eleciriide  hv  adsv'rbed  intermediates,  as 
determined  by  conventional  electrochemical  meih><d. 
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Abstract 

P  13 

Infrared  spectra  of  "CO  -  CO  mixtures  adsorbed  on  polycrystalline 

platinum  electrodes  from  l.M  H2S0^  solutions  have  been  obtained  by  EMIRS, 

electrochemically  modulated  infrared  spectroscopy.  Spectra  for  variable 
12  13 

CO  -  CO  ratios  at  constant  saturation  coverage  and  for  fixed 
12  13 

CO  -  CO  ratios  at  high  coverage  show  a  single  bipolar  EMIRS  band 

indicative  of  a  highly  coupled  system.  Lower  coverage  mixed  isotopic 

13 

samples  with  greater  than  30%  CO  produced  spectra  with  two  bipolar  bands. 
A  simple  three  parameter  model  for  calculation  of  infrared  band  contours 
was  used  to  determine  whether  dipole-dipole  coupling  or  through-metal 
vibrational  coup’  i  more  important.  The  observed  spectra  were  best 
explained  by  a  t.  >1  with  coverage  independent  force  constants; 

thus  contributions  irough-metal  vibrational  coupling  appear  less 

important  than  dipole-dipole  coupling.  The  essential  differences  between 
the  coverage  dependence  and  the  potential  dependence  of  the  spectra  support 


this  conclusion. 
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A  COHPAMTXVE  STUDY  OF  FORMIC  ACID  ADSORPTKM  OM 
A  PXATXNUM  ELECTRODE  BY  BOTH  ELECTROCHEMICAL  AND 
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abstract 

In  order  to  cake  the  IR  Reflectance  Spectrosccpy  quantitative,  the 
variation  of  the  E.M.I.R.  Spectrum  characteristics  with  the  electrode  potential 
is  explored,  comparatively  to  the  variation  of  the  degree  of  coverage  of  a  Pt 
electrode  by  adsorbed  intermediates,  as  determined  by  conventional  electrochemical 
method. 
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PoUrtzat»on-modu!etH  infrtrod  poflection  •b»orptinn  fpertro»cop\  he»  boon  uAod  lo  nvepurr  thr  »ppctruro 
o(  edsorbvd  CO  on  e  platinum  vltctpodv  m  \  M  H^O,  and  \  M  HCIO,  Miuraird  ntib  CO  fsA  This  » 
the  flm  direct  measurement  of  the  infrved  band  of  adsorbed  CO  on  an  actiw  electrude  and  deftnitivvl^  esubb>hes 
the  dependence  of  the  band  wavenumber  on  electrode  potential  as  the  pnman  source  of  the  unusual  bisi(nalc 
band  pmtoualy  observed  with  electrodc  modulated  infrared  spectroscopy 
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INTRODUCTION 


The  speciacuiir  pro^e^s  made  in  recent  years  in  studies  of  the  structure  of  and 
adiorpiioQ  at  the  metal/vacuum  interface  using  structure-sensitive,  spectroscopic 
methods  is  nou  beunruog  to  he  maiched  for  the  efectrode/electrolyte  solution 
interphase  b>  the  development  of  in-situ  specuoscopy  methods  to  comple  Jient  the 
ex-situ,  high  vacuum  techruques.  The  acmevetcents  of  Surface  Enhanced  Raman 
Specirosccpy.  SERS  [I).  are  well  knov.-n  and  now  exiemal  specular  reflectance 
infrared  spectroscopy  is  firmly  established.  Thus,  inieractoo  between  electroebem- 
isiry  and  other  aioas  of  surface  saence  is  possible  at  a  level  which  provides  the 
greatest  progress  to  the  uuderstanding  of  the  s*juciure  and  onentatico  of.  and 
b'’'nJing  m.  adsorbed  specie>  as  well  as  their  interacuces  with  the  surface  and  with 
cne  ar40ther  An  advantage  unique  to  clectrocbermstry,  the  ability  to  use  the 
electrode  potenual  to  "ftne-tune**  the  ciectroruc  propenies  of  ^e  atoms  in  the  metal 
surface,  car.  be  of  considerable  asstsiafice  in  unravelling  problems  connecied  with 
sjrfave/adsorbste  and  adsoroate/adwrbave  interacuuns  aud  helps  to  compensate 
for  the  special  problems  presented  by  electrochemical  systems 
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Infrartd  Spactrum  ol  CO  Adaorbad  on  a  eiallnum  Elactroda 
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PuUruAtinn-moduiAied  infrared  reflection-abxorption  ^«ctmM‘op^  ha»  been  u^cd  to  mea&are  directly  the  infrared 
spectrum  of  CO  ad>orbed  on  (he  surface  of  a  pUtmum  electrude  in  the  presence  of  an  eleciroKte.  either  \  M 
H.^04ur  1  M  HCIO,  The  band  due  to  theCO*stre‘.chin|  vibration  haa  been  found  toshih  nith  applied  poieniial 
movinf  to  higher  wavenumber  a>  (he  electrode  p«ttential  la  made  mure  puvitive  The  band  ‘hane  and  the  bard 
area  remain  esaentiallv  unchanged  when  the  potential  ia  changed  over  the  range  irA*  >NHEi  The  re-ul*>a 

are  interpreted  as  evidence  that,  in  the  cMt*  of  CO  on  Pu  there  la  a  aignincani  rontnhutiun  u>  coveragr-dependrr.t 
tfhifta  frum  electrochemical  interactions  between  subairate  and  adsorbate 
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IMR.ARt:D  STV  OF  aOSORBFD  SPICIES  ON  ELtCTRODtS- 
ADSORPTION  OF  CARBON  MONOXIDE  ON  Pi.  Rh  AND  Au 
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relavuc*  of  thto  obsorrattoa  to  dlaenstonal  stability  la  aouldlnga. 


observed  In  both  glassy  ar.d  secicry stalline  polyrers. 
Tr.e  high  degree  of  oolecular  orientation  in  the  skin  is 
thought  to  cause  disensior.al  instability  and  prenature 
fracture  under  iapact  and  flexure^' 


In  an  atteipt  to  produce  a  solid  specimen  under 
conditions  which  are  as  fully  as  possible  cor.trclled 
and  understood,  ue  have  devised  a  laboratory  experiient 
where  a  polycer  is  flowed  under  well  oontrolled  condition 
tnrough  a  cylindrical  canillary  die  then  solidified 
by  coding  in  a  reproducible  nanner. 

This  paper  describes  the  effect  of  ccivner  r.eit 
tecperature.  injection  pressure,  and  shear  at  the  wall 
of  a  capillary  node  on  the  overall  crrphdtgy  and 
conse:;uent  properties  of  linear  nolyethy lene . 


will  later  discuss 


structure  by 
in  the  nodi 


sses 


effect  t  t  .t  e  s  i  r.  -  c  c  r  s 
t*T.i:er atur e  gratier.ts 


STRESS  •  1ND0CED  CHlIH  RtTPTURB  IN  LINEAH  POLTETHTIESSj-  ^  ^  p, 

AN  XKFRA-BED  study. 

C.L.  Eaaaond  and  P.J.  Hcodn 

ChemietiT’  SepartBant,  Soatbaispton  UnlTerelty,  Soutbaspton.  and  H,l.  Vlllls 

Atatraeti- 

The  teistion  of  polyethylene  molecule*  under  itreie  in  a  polymar 
film  vaa  studded.  It  is  proposed  that  the  rupture  of  such  molecular 
chadna  may  ba  InTeatigated  utllisisd;  dnfim-red  ipsetroacopy,  ainct 
the  rsddcal  initiated  resetlon  of  rupture  in  polymer  chains  may 
teimlnats  via  the  production  of  atabla  unaaturated  end  groupit 
mainly  in  tba  foxa  of  carbonyl  speclea.  > 

Inereaaea  la  tha  carbonyl  abasrptioa  war*  detected  end  the  trendSt 
with  rsapect  to  eai^l*  thleknaeCf  tba  mtBoaphar*  in  ^Icb  tha  saaplas 
ware  drawni  and  tha  affaet  of  tba  actual  artant  of  drawing  ware  svaluatad. 
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